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I. INTRODUCTION 

The importance of t h e  d i r e c t  s y n t h e s i s  of h i g h e r  (C2-C6) a l c o h o l s  from 
s y n t h e s i s  gas  as a promising r o u t e  f o r  p rov id ing  c l e a n  f u e l s  and petrochemical  
f eeds tocks  i s  g e n e r a l l y  recognized. It i s  known t h a t  t h e  a d d i t i o n  of a l k a l i  s a l t s  
t o  methanol s y n t h e s i s  c a t a l y s t s  o f t e n  r e s u l t s  i n  g r e a t e r  y i e l d s  of h ighe r  
a l coho l s .  However, l i t t l e  is known about  how v a r i o u s  a l k a l i  s p e c i e s  a f f e c t  t he  
c a t a l y s t  component and a l c o h o l  s y n t h e s i s  r e a c t i o n .  Rh c a t a l y s t s  a r e  s imple y e t  
model systems f o r  s tudy ing  t h e  e f f e c t  of a l k a l i  promoters on CO hydro- 
condensat ion.  Depending on t h e  ox ide  suppor t  u sed ,  t h e  product  c a t a l y z e d  by Rh 
may be p r i m a r i l y  hydrocarbons o r  a l c o h o l s  (1 ,  2 ) .  This paper  r e p o r t s  on an 
i n v e s t i g a t i o n  o f  t h e  e f f e c t  of v a r i o u s  a l k a l i  s p e c i e s  (L i ,  K, and Cs) on CO 
hydrocondensat ion ove r  Rh/TI02. Rh/Ti02 was a n  a t t r a c t i v e  c a t a l y s t  t o  s tudy  s i n c e  
b o t h  hydrocarbons and oxygenated compounds are formed i n  s i g n i f i c a n t  q u a n t i t i e s  
du r ing  CO hydrogenat ion.  This provided t h e  p o s s i b i l i t y  t o  i n v e s t i g a t e  
s imul t aneous ly  t h e  e f f e c t  of alkali promotion on t h e  fo rma t ion  of t h e s e  two types 
of products .  

11. EXPERIMENTAL 

The alkal i -promoted rhodium c a t a l y s t s  were prepared by t h e  impregnation of 
Ti02 u s i n g  RhC13.3H20 and a n  a l k a l i  n i t r a t e  (L i ,  K, Cs) i n  aqueous s o l u t i o n  having 
a pH o f  3-3.5. The c a t a l y s t s  were prepared i n  such a way so t h a t  t h e  Rh loading 
was 3 w t X  and t h e  atom r a t i o  o f  a l k a l i  promoter t o  Rh was 1/2.  After  
impregnat ion,  t h e  samples were d r i e d  o v e r n i g h t  i n  a i r  a t  4OoC and reduced i n  
f lowing H2 on h e a t i n g  i n  5OoC s t e p s  (30 min.) t o  4OO0C and ho ld ing  f o r  16 h r .  
P r i o r  t o  r e a c t i o n ,  t h e  Ti02-supported c a t a l y s t s  were a g a i n  reduced i n  flowing 
hydrogen a t  5OO0C f o r  3 h r .  t o  induce s t r o n g  m e t a l a u p p o r t  i n t e r a c t i o n  (SMSI) 
(3 ) .  The s tudy  w a s  c a r r i e d  o u t  i n  a d i f f e r e n t i a l  r e a c t o r  a t  r e a c t i o n  cond i t ions  
of 25O-33O0C, 1 0  a t m ,  and CO/H2=2 .  A small amount o f  e t h y l e n e  (2.3 mole%) was 
added t o  t h e  r e a c t a n t  mix tu re  t o  s tudy t h e  s p e c i f i c  r e a c t i o n s  of t h i s  s y n t h e s i s .  

111. RESULTS AND DISCUSSION 

The a c t i v i t y  of CO conversion w a s  observed t o  dec rease  i n  t h e  order :  
unpromoted > Li > K > C s .  'Ihe r a t e s  of fo rma t ion  f o r  a l l  t h e  p roduc t s  decreased 
upon a l k a l i  promotion b u t  t h e  oxygenate s e l e c t i v i t i e s  were enhanced as shown i n  
F ig .  1. 'Ihis c l e a r l y  i n d i c a t e d  t h a t  t h e r e  w a s  l e s s  suppres s ion  i n  t h e  r a t e  of  
oxygenate fo rma t ion  than  i n  t h a t  of hydrocarbon formation.  It may sugges t  t h a t  
alkali promoters  have  a d i f f e r e n t  e f f e c t  on t h e  fo rma t ion  of oxygenates  than on 
t h a t  of hydrocarbons.  The s e l e c t i v i t y  o f  ace tone  p a r a l l e l e d  t h a t  of acetaldehyde 
sugges t ing  t h a t  the ace tone  may be formed by t h e  combinat ion o f  t h e  acetaldehyde 
i n t e r m e d i a t e  and a s u r f a c e  methyl s p e c i e s  as proposed by Schulz and Zein E l  k e n  
( 4 ) .  lhe d e c r e a s e  i n  mole r a t i o  of [MeCHO]/[EtOH] and ( o l e f i n ) / ( p a r a f f i n )  a s  
shown i n  Tab le  I may be a t t r i b u t e d  t o  the suppres s ion  of hydrogenat ion as a r e s u l t  
o f  a l k a l i  promotion.  Hydrogenation suppres s ion .has  been i d e n t i f i e d  a s  a major 
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e f f e c t  of a l k a l i  promoters on C O  hydrogenat ion over  t r a n s i t i o n  me ta l  c a t a l y s t s  (5 ,  
6) * 

Although oxygenate s e l e c t i v i t i e s  were enhanced upon a l k a l i  promotion, t h e  
cha in  growth p r o b a b i l i t y  based on ca rbon  number o f  bo th  oxygenates  and 
hydrocarbons w a s  only inc reased  s l i g h t l y  by a l k a l i  promotion. Less d e v i a t i o n  of 
t h e  e thy lene  f r a c t i o n  from t h e  Schulz-Flory d i s t r i b u t i o n  was a l s o  observed on 
alkal i -promoted c a t a l y s t s ,  i n d i c a t i n g  t h a t  t h e  e f f e c t  of e thy lene  i n c o r p o r a t i o n  
was l e s s  pronounced i n  t h e  presence o f  a l k a l i  promoters.  

In o r d e r  t o  v e r i f y  t h e  above f i n d i n g s ,  a small amount of e thy lene  12.3 mole 
X I  was added t o  t h e  r e a c t a n t  mixture .  'Ihe r e s u l t s  o f  e t h y l e n e  a d d i t i o n  are 
e s s e n t i a l l y  c o n s i s t e n t  w i t h  t h e  above f i n d i n g s .  

IV. CONCLUSIONS 
1. The r a t e  of CO conve r s ion  decreased i n  t h e  o rde r :  unpromoted 

> L i  > K > C s .  
2. The hydrogenat ion a b i l i t y  a l s o  dec reases  i n  t h e  o rde r :  unpromoted 

> L i  > K > C s .  
3. The a l k a l i  promoters had d i f f e r e n t  e f f e c t s  on t h e  formation of 

oxygenates  t h a n  on t h a t  of hydrocarbons.  
4. The a c t i v e  s i t e s  f o r  oxygenate formation du r ing  CO hydrogenat ion ove r  

Rh/Ti02 appeared n o t  t o  b e  s e n s i t i v e  t o  t h e  chemical  n a t u r e  of t h e  
a l k a l i  promoter.  
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TABLE I The E f f e c t  of  A lka l i  Promoter on [MeCHO]/[EtOH] 
and [o l e f in ] / [paraf f in l  Ratios 

[MeCHO] 
[EtOH] 0.3 

[C3-C501efins] 

[ C 3 - C 5  paraf f ins ]  2.7 

0.6 

5.0 

2.7 

4.6 

10.4 

4.2 

Reaction condi t ions :  CO/H2 = 2,  3OO0C, 1 0  atm 
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Figure  1: The E f f e c t  of A l k a l i  Promotion on Oxygenate S e l e c t i v i t y  
f o r  Rh/TiOZ (CO/H2 = 2, 3OO0C, 10 atm) 
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